Abstract-A kind of biorthogonal nonuniform B-spline wavelets with small supports is constructed. And the performances of the wavelets are analyzed. In additional to having small supports, the proposed wavelets are simple and efficient in computation, possess good approximation property and are flexible for the application in multiresolution modeling of NURBS curves and surfaces.
INTRODUCTION
Multiresolution modeling of curves and surfaces is an important area in CAGD. B-spline wavelets are the bases of multiresolution representation of parametric curves and surfaces. Unifrom or quasiuniform B-spline wavelets have been applied in the modeling of curves and surfaces earlier [1] . But they cannot be applied directly to nonuniform Bspline based NURBS curves and surfaces. Semiorthogonal nonuniform B-spline wavelets are suitable for NURBS [2] , but they are complex in computation. Biorthogonal nonuniform B-spline wavelets are simpler in computation usually. There are a few research results in the aspect [3] [4] [5] . The Biorthogonal nonuniform B-spline wavelets proposed in [5] are based on discrete norm 2 l which are efficient in computation, good in approximation and flexible in application. But their supports are not always small when the knots with multiplicities greater than one are inserted. Small supports of wavelets provide greater flexibility for the multiresolution modeling of curves and surfaces. This paper improves the results in [5] , and proposes a king of biorthogonal nonuniform B-spline wavelets which possess smaller supports and retain the strong points of the wavelets in [5] . P is a knot insertion matrix for every kind of B-spline wavelets. It can be computed by Oslo Algorithm [6] or the recursive algorithm [7] . But for different kinds of B-spline wavelets, their reconstruction matrices i Q 's are different. And the constructions of decomposition matrices depend on that of reconstruction matrices. Therefore the key for constructing B-spline wavelets is constructing i Q . In order to construct biorthogonal B-spline wavelets, though the condition for i
is a nonsingular matrix theoretically, there are more requirements usually according to the demands of multiresolution modeling of curves and surfaces. The performances required for wavelets include: (i) simple and efficient computation; (ii) good approximation property; (iii) small support;
(iv) flexible in applications. Approximation property insures that the lower resolution curves and surfaces approximate the higher resolution ones well. Wavelets with smaller supports make that the decomposed wavelet details possess better local property.
Knot vector 1
T of higher resolution is constructed by inserting i m knots into knot vector i T of lower resolution.
One new knot corresponds to one wavelet. i Q is a band matrix. According to Eq. (1) and the local support property of B-spline, the support of a wavelet is determined by the bandwidth (the number of nonzero elements) of the corresponding column in i Q . And one new knot
. So it is enough and suitable using these 
III. NEW B-SPLINE WAVELETS WITH SMALL SUPPORTS

A. Construction Of New Wavelets
Denote the column bandwidth of a band matrix A by CW( A ), that is CW( A )=the maximal number of nonzero elements in a column of matrix A .
The biorthogonal nonuniform B-spline wavelets given in [5] 
where # denotes a nonzero element, (2) 
Pan wavelets make that i W and i V are orthogonal based on this discrete inner product. So the reconstruction matrices satisfy the following discrete orthogonal condition: 
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B. Algorithms Of New Wavelets
The following is the reconstruction algorithm for new wavelets. Step 1 Compute matrix i P recursively by using the algorithm in [5] ;
Step 2 Compute matrix i Q recursively by using the algorithm in [5] 
( 
C. Performances Of New Wavelets
The performances in computation efficiency, support, application and approximation property of new wavelets are analyzed below.
Firstly, except for Step 3 and 4 the reconstruction algorithm in 3.2 is the same as that for Pan wavelets [5] . And the computation time for Step 3 and 4 is Thirdly, since new wavelets are nonuniform ones, they provide greater flexibility when applied to the MRA of NURBS curves and surfaces. They are suitable for various nested sequence of knot vectors. They can be used to construct rich multiresolution levels for various applications.
Lastly, we discuss the approximation property of new wavelets. Since 
